ABSTRACT.--To determine if Black Oystercatchers (Haematopus bachmani) were affected by persistent shoreline oil from the T/V Exxon Valdez oil spill, I identified contaminated foraging sites of oystercatchers, quantified diet and foraging behavior, assessed hydrocarbon uptake, and measured breeding success and mass gain of chicks. Hydrocarbon concentrations in sediments at foraging sites indicated that some oystercatchers potentially were exposed to shoreline oil that persisted into 1992 or 1993. Direct evidence of hydrocarbon exposure was obtained from feces of chicks raised on persistently oiled shorelines. Elevated concentrations of total hydrocarbons, even-numbered aliphatics, and unresolved complex mixtures were indicative of petroleum hydrocarbon exposure. Mussels (Mytilus trossulus) were an important component of the diet of adults and chicks. Oystercatchers foraged for mussels on low-sloping, mixed sand-and-gravel beaches that often retained oil but spent less time foraging on contaminated substrates than on unoiled substrates. Effects of persistent shoreline oil on measures of breeding success were negligible and likely were overridden by the influence of egg and chick predation. Chicks raised on shorelines that were heavily oiled in 1989 gained mass at a slower rate than did chicks raised on shorelines that were not heavily oiled; however, slower mass gain did not translate into reduced fiedging success of chicks raised on heavily oiled shorelines. Although some oystercatchers were exposed to persistent shoreline oil, areas of contamination were patchily distributed, and relatively few adults and young were exposed. The lack of a large-scale change in oystercatcher numbers inhabiting the oiled area of Prince William Sound suggests that the negative effects of oil exposure operated locally. Consequently, oiled mussel beds present little additional risk to the population of Black Oystercatchers inhabiting Prince William Sound.
among the species most heavily influenced by the initial effects of the spill (Wiens et al. 1996) .
Extensive efforts to remove persistent oil 
1995), Black
Oystercatchers had the potential to be exposed to shoreline oil. Therefore, I undertook a study to determine if oystercatchers were exposed to persistent shoreline oil by evaluating their foraging sites for the presence of oil, quantifying their foraging behavior and use of mussels as a food source, and assessing their intake of petroleum hydrocarbons. Having ascertained that some Black Oystercatchers were exposed to persistent shoreline oil, I hypothesized that measures of breeding success and mass gain by chicks would differ between pairs that had territories along shorelines that were heavily oiled in 1989 (the area where persistent shoreline oil was found) and those that lived along shorelines that were not heavily with mixed sand-and-gravel beaches; all of the shorelines are influenced by a large-amplitude diurnal tide (mean tidal range 3.8 m). Northern and eastern shorelines of the archipelago were heavily affected by the oil spill, and most of the persistently oiled mussel beds identified in the Sound in 1991 were located along these shorelines. To reduce spatial variation among oystercatcher territories, I restricted my study to the archipelago because of the similarity of shoreline habitat throughout this area (compared with other areas of the Sound). From previous work in 1991, I also found that foraging behavior was similar among pairs in the archipelago; most pairs nested on small offshore rocks and commuted to foraging areas. Although I focused on Knight Island, I made periodic visits to Green Island to collect information on breeding success. My general design followed that suggested by Wiens and Parker (1995) for analyses of the effects of environmental accidents on wildlife.
From May to August, 1992 and 1993, crews of two or three people searched 430 km of shoreline, by boat or on foot, to locate composite nesting / foraging territories of Black Oystercatchers. We located 41 pairs, 17 of which nested along shorelines that had been heavily oiled in 1989; no oystercatchers were found nesting along the southeastern shoreline of Knight Island (Fig. 1) . Because persistently oiled mussel beds occurred on shorelines that were heavily oiled in 1989, I tested for broad effects of shoreline oil by comparing oystercatcher territories located on heavily oiled shorelines with those on shorelines that were not heavily oiled (unoiled). Heavily oiled was defined as oiling that exceeded 6 m in width or covered more than 50% of a shoreline segment (100 to 600 m) of the same shoreline type (Sundberg et al. 1996) To further determine whether Black Oystercatchers were exposed to persistent shoreline oil, I quantified their diet, foraging behavior, and foraginghabitat use. Pairs were observed during an interval 2 h before low tide and 1 h after low tide, the period when most foraging activity occurs. Each member of the pair was watched continuously and foraging and nonforaging behaviors were recorded (n = 25 pairs, 345 h of observation). The proportion of time spent foraging and incubating, relative to all activities, was calculated for each pair at each nest site. Prey choice by adults foraging during tidal minima was measured to determine the use of mussels for food. Consumption of shelled and shell-less food items was enumerated by observers who practiced identifying shell-less food items by flesh color and shape prior to data collection. I also estimated prey length scaled to tenths of the bill length of the foraging bird (see Cayford and Goss-Custard 1990) . To convert lengths to biomass, I used natural log models to regress mean wet mass against mean tissue length for various food types (R 2 ranged from 0.961 to 0.998, see Andres 1996). Specific foraging sites were delineated and distance from the nest to the center of foraging sites was determined. Substrates of foraging sites were recorded, following Sundberg et al. (1996) , as gravel (mixed sand-and-gravel beaches, gravel beaches) or rocky (sheltered rocky shores, exposed rocky shores, exposed wave-cut platforms).
Fecal samples were collected in 1993 to determine if oystercatcher chicks were exposed to oil that persisted in sediments. Chicks (at least seven days old) were placed in a clean Teflon pan for up to 10 min to collect feces. Excreta were transferred by a clean pipette to an HC-grade sterilized jar containing about 20 mL of dichloromethane. All reusable equipment underwent standard detergent-acetone-hexane washing between sample collections. Samples were frozen in the field and remained frozen during transportation and shipping. Multiple samples were collected from chicks at as many nest sites as possible to maximize the chance of detecting hydrocarbons. All within-nest samples were pooled before analys- Because young birds are most the sensitive to the negative effects of exposure to oil (Holmes and Cronshaw 1977), I measured body mass (g), tarsus length (mm), and bill length (mm) of chicks at intervals of 7 to 10 days. Chick ages were determined from plumage characteristics reported by Webster (1942) and were checked against chicks of known hatching date. I also recorded stage of the tidal cycle when measurements were made as an indication of a feeding or nonfeeding period.
To account for the effect of food provisioning on chick growth, I quantified the type and size of food fed to chicks during low tide. Each observation period began approximately 2 h before low tide and ended 1 h after low tide (as described above for adults). No. of mussels delivered/h levels toxic to mussels (Short and Harris 1996). Most of the persistently oiled oystercatcher foraging sites contained only moderately dense aggregations of mussels (< 1,000 mussels / m 2) and often were located on beaches composed of fine sediments, particularly in the spaces between shoreline rocks.
Mussels were an important component of the diet of adult oystercatchers inhabiting shorelines that had been heavily oiled in 1989. Most of the prey items (55%, n = 1,082) selected by foraging adults (n = 13 pairs) were mussels; however, mussels constituted only 27% of the biomass of invertebrate prey captured by adults. Adults breeding in areas of unoiled shorelines consumed more individual mussels (t = 4.16, df = 14, P = 0.001), but not more mussel biomass (t = 1.40, df = 10, P = 0.2), than adults on heavily oiled shorelines (Table 1) .
Prey density and diversity did not appear to differ among heavily oiled and unoiled foraging areas (pets. obs.).
Mussels constituted 42% of all prey items and 23% of all prey biomass that adults fed to their chicks (n = 21 nests). Adults foraging in unoiled areas tended to deliver the same number (t = 1.82, df = 12, P = 0.09) and the same biomass of mussels (t = 0.44, df = 13, P > 0.5) as did adults foraging in oiled areas (Table 1) .
Most of the foraging commutes (62%, n = 52) by oystercatchers at the Knight Island archipelago (n = 10 pairs) that were more than 100 (Table 3 
DISCUSSION
Because nesting/foraging territories of Black Oystercatchers breeding in the Knight Island archipelago overlapped with contaminated mussel beds, some pairs were susceptible to persistent shoreline oil particularly on northern Knight Island. All contaminated sites consisted of fine sediments or were in spaces between shoreline rocks. The reliance of oystercatchers on mussel prey, and their high use of mixed sand-and-gravel shorelines for foraging, suggested that the exposure route for oystercatchers was via a trophic pathway. Although I did not directly determine hydrocarbon concentrations in mussels from oystercatcher foraging sites, mussels living on contaminated sediments in other areas of the Sound had detectable concentrations of petroleum hydrocar- Mean shoreline elevation ( Although oystercatchers foraged on persistently oiled shorelines, pairs with territories that contained both persistently oiled and unoiled foraging sites spent less time feeding at the former; mussel densities on persistently oiled and unoiled substrates were similar and did not appear to influence differential use of these areas. The lower use of persistently oiled substrates suggests that adult oystercatchers were able to detect contaminated sediments or prey. I occasionally observed adults rejecting prey items, but only on persistently oiled substrates. The presence of persistent shoreline oil might have dissuaded adults from consuming mussels; however, adults foraging in areas of oiled shorelines ingested as much mussel bio- The presence of elevated hydrocarbon indices in the feces of chicks in 1993 provided direct evidence that some Black Oystercatchers were exposed to oil that persisted on shorelines of Prince William Sound. Hydrocarbon concentrations documented in sediments and mussels indicated that exposure was via a trophic pathway; no external oiling was observed on adults or chicks in all three years of study. Exposure of chicks to persistent shoreline oil was highest in Herring Bay, in Bay of Isles, and on northwestern Knight Island. Exposure to persistent shoreline oil was highly variable within these areas and minimal outside of these areas.
Any differences in breeding success between oystercatchers nesting along shorelines that were heavily oiled in 1989 and those that nested on unoiled shorelines most likely were overridden by the effects of predation on eggs and young, mainly by Common Ravens. The ability of ravens to remember food caches is well known, and I suspect that ravens were the cause of complete and rapid depredation of small (fewer than 20 nests) colonies of Arctic Terns (Sterna paradisea) and Mew Gulls (Larus canus) on islets where oystercatchers nested. Although I was unable to detect an increased presence of ravens in areas of unoiled shorelines on Knight Island that might account for lower productivity in these areas, the high mobility of ravens (adults were seen flying through mountain passes to connected bays) made the nests and young of many oystercatcher pairs susceptible to their predation. The effects of predation on breeding success of oystercatchers on Knight Island are further supported by the relationship of high productivity on Green Island, despite being oiled in 1989, and low raven abundance. Other than predator influences, shoreline features were similar between areas of persistently oiled and unoiled shorelines on Knight Island, and environmental factors, including prey density and diversity, were not the cause of differences in productivity between persistently oiled and unoiled groups.
Although reduced parental care and other reproductive impairments have been observed in marine birds that were experimentally dosed with oil, oystercatchers exhibited no dramatic behavioral or physiological (measured indirectly by egg volume, clutch size, and ability to renest) changes that were indicative of oil ingestion. The use of multiple foraging sites and the variety of available prey probably reduced the negative effects of occasionally ingesting oil-contaminated mussels, an option not available to individuals in dosing experiments.
Despite the lack of evidence of negative effects of oil ingestion on adults, oystercatcher chicks were affected by the presence of persistent shoreline oil in the territories where they were raised. Slower mass gain was evident in chicks raised on heavily oiled shorelines but did not correspond to sediment hydrocarbon concentrations at specific nest sites. The pronounced effect of oil ingestion on mass gain of 
